Effects of sheep breed and soybean meal supplementation on rumen environment and degradation kinetics  by Lourenço, A.L. et al.
E
e
A
a
b
A
R
A
A
K
B
D
I
P
S
T
1
a
t
m
r
m
a
e
o
ﬂ
C
i
o
V
1
hNJAS - Wageningen Journal of Life Sciences 64– 65 (2013) 77– 85
Contents lists available at SciVerse ScienceDirect
NJAS -  Wageningen  Journal  of  Life  Sciences
jou rn al h om epage: www.elsev ier .com/ locate /n jas
ffects  of  sheep  breed  and  soybean  meal  supplementation  on  rumen
nvironment  and  degradation  kinetics
.L.  Lourenc¸ oa,∗,  J.W.  Coneb, P.  Fontesa,  A.A.  Dias-da-Silvaa
CECAV-UTAD, Department of Animal Science, P.O. Box 1013, 5001-801 Vila Real, Portugal
Animal Nutrition Group, Wageningen University, P.O. Box 338, NL-6700 AH Wageningen, The Netherlands
a  r  t  i  c  l e  i  n  f  o
rticle history:
eceived 30 November 2011
ccepted 14 May  2013
vailable online 13 June 2013
eywords:
reed
igestibility
ntake
rotein supplementation
heep
emperature
a  b  s  t  r  a  c  t
The  aim  of  this  study  was  to  evaluate  if the  in  vivo digestibility  and  intake  differences,  observed  in previous
studies,  between  Ile-de-France  (IF) and  Churra-da-Terra-Quente  (CTQ)  sheep  breeds,  were  due  to  rumen
environment  and  degradability  differences.  The  intake,  digestibility,  rumen  environment  and  degradabil-
ity  and  urinary  allantoin-nitrogen  excretion  were  evaluated  in  8 adult  cannulated  ewes  (4  CTQ and  4  IF
ewes).  The  animals  were  fed  ad libitum  hay –  with  and without  a soybean  meal  supplementation  (150  g/kg
ingested  hay,  dry matter  basis).  The  organic  matter  intake  per  kg  of body  weight  was  higher  (P  <  0.05)
and  the NDF  and  hay  organic  matter  digestibility  was  lower  in  CTQ  ewes  (P < 0.05),  irrespective  of  supple-
mentation.  The  rumen  pH remained  above  6.35  in all  treatments,  and  the difference  between  the breeds
was  not  biologically  relevant.  The  ammonia  nitrogen  rumen  content  and  the  urinary  allantoin-nitrogen
excretion  were  similar  (P >  0.05),  whether  the  breeds  where  fed  hay  or hay  supplemented  with  soybean
meal.  The  volatile  fatty  acid concentrations  in the  rumen  were  similar  (P  >  0.05)  for  both  genotypes.  There
was no  breed  effect  (P > 0.05)  on the  rumen  protozoa  population,  although  supplementation  increased  its
number  (P  <  0.001).  As  a result  of  the  absence  of  differences  in  rumen  content  characteristics,  there  were
no differences  between  the  breeds  (P >  0.05)  on  rumen  in sacco degradation  results.  Thus,  the  effective
rumen  degradation  was  lower  in  the  CTQ  breed,  when  its  inherit  lower  outﬂow  rate  was  used  to  calculate
it.  This  study  suggests  that the  native  CTQ  breed  and  the  IF  breed  exhibit  similar  rumen  conditions  for  the
microbial  degradation  of  ﬁbrous  feeds.  Thus  the  higher  intake  and  lower  digestibility  of  the  CTQ  breed
can  only  result  from  its inherit  faster  ﬂow  through  the gastrointestinal  tract.
© 2013 Royal Netherlands Society for Agricultural Sciences. Published by Elsevier B.V.. Introduction
One of the biggest survival challenges is the extent to which
n animal can cope with the available food. Also for ruminants
his premise stands and the reticulo-rumen physiology assumes a
ajor role. Optimization of food degradation in the reticulo-rumen
equires that its physico-chemical and microbial characteristics are
ost suitable for each type of substrate. If there are differences
mong breeds on those characteristics they may  manifest differ-
nces in digestive capacity, i.e. differences in the extent and/or rate
f degradation, with consequences on intake, digestibility and out-
ow of microbial protein to the small intestine. This also means that
Abbreviations: ADF, acid detergent ﬁbre; BW,  body weight; CP, crude protein;
TQ,  Churra-da-Terra-Quente; DM,  dry matter; ERD, effective rumen degradabil-
ty; IF, Ile-de-France; NDF, neutral detergent ﬁbre; NH3-N, ammonia nitrogen; OM,
rganic matter; THI, temperature humidity index; UAN, urinary allantoin-nitrogen;
FA, volatile fatty acids.
∗ Corresponding author. Tel.: +351 259350409; fax: +351 259350482.
E-mail address: analou@utad.pt (A.L. Lourenc¸ o).
573-5214/$ – see front matter ©  2013 Royal Netherlands Society for Agricultural Scienc
ttp://dx.doi.org/10.1016/j.njas.2013.05.001 All rights reserved.
differences between ruminant breeds at reticulo-rumen level can
be expected, taking into account the wide variability of feeds they
have been exposed to through their evolutionary path, worldwide.
In fact, differences between sheep breeds on voluntary feed
intake (Scottish Blackface, Welsh Mountain, Cheviot, Suffolk Down,
Kent and Hampshire Down [1], Merino, Blackhead and Heid-
schnucken [2], Manchega and Lacaune [3]), digestibility, (Cheviot
and Suffolk × Mule [4], Churra and Merino [5]), and ruminal
degradation rates (Churra and Merino [5,6]), have been shown.
Churra-da-Terra-Quente sheep (CTQ; mature weight: 45–50 kg)
are one of the most important autochthonous sheep breeds in the
Northeast region of Portugal, and are considered to be well adapted
to poor-quality Mediterranean pastures. The CTQ breed showed
higher feed intake and reticulo-rumen rate, and lower digestibility
than, the specialized Ile-de-France meat breed (IF; mature weight:
75–80 kg), whether the comparison was made with lambs [7] or
with mature animals [8].
The aim of this study was  to assess the extent to which relevant
characteristics of the rumen environment (pH, ammonia nitro-
gen, volatile fatty acids, and protozoa numbers) and patterns of
es. Published by Elsevier B.V. All rights reserved.
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ay degradation kinetics in the rumen may  be responsible for dif-
erences in intake, digestibility and reticulo-rumen outﬂow rates
etween these two breeds.
. Materials and methods
.1. Animals
Four CTQ and 4 IF, non-pregnant and non-lactating, ewes (5- to
-year-old) were used in this study, with an average initial body
eight (BW; mean ± SE) of 39.2 ± 3.7 kg and 71.4 ± 1.9 kg, respec-
ively. All animals were born and reared under similar conditions
ithin the ﬂock of the Trás-os-Montes and Alto Douro University
t Vila Real (latitude 41◦ 19′ N; longitude 7◦ 44′ E), Portugal, where
he trial was conducted. Each animal was ﬁtted with a permanent
umen cannula, at least 3 months before the start of the experi-
ent. Prior to the experiment, the animals were sheared and given
n anthelmintic drench (Ivomec, Merial, Amadora, Portugal).
All animals were kept in standard metabolic cages in an ani-
al  house having natural and artiﬁcial light for a total of 14 h/day.
he effective temperature (◦C) and relative humidity (%) were per-
anently registered by a thermohygrograph (Ref. 1.0665.02.014,
hies Clima, Göttingen, Germany). The wind speed was  recorded
Meteo-Digital, TYR 916, Thies Clima, Göttingen, Germany) close to
he animals and was less than 1 m/s.
.2. Design and management
.2.1. In vivo digestibility and in sacco incubations
The animals were allocated to one of four treatments. Factors
n the experimental design were breed (n = 2) and diet (n = 2). The
wes of each breed were randomly divided into two groups of two
nimals each.
All animals were offered chopped (4 cm)  natural meadow hay ad
ibitum and orts represented 20.7 ± 1.25% (mean ± SD, dry matter
asis). One group of each breed had the hay supplemented with
oybean meal (150 g/kg ingested hay, dry matter basis).
The soybean supplement was offered once a day (08:00 h) and
eadily eaten. Half of the daily hay meal was offered in the morning
fter the soybean was eaten and the second half was offered at
6:00 h. The hay and soybean allowances were adjusted weekly
ccording to the hay dry matter (DM) intake in the previous week.
he troughs were cleaned out each morning and orts were collected
nd weighed.
All animals were supplemented with 30 g of a mineral–vitamin
ixture, providing per kg mixture; 160 g calcium, 80 g phos-
horus, 40 g chlorine; 61 g magnesium, 3500 mg  zinc, 3500 mg
anganese, 1500 mg  iron; 40 mg  iodine, 25 mg  cobalt, 20 mg  sele-
ium, 250 000 IU retinol, 50 000 IU cholecalciferol and 800 mg
-tocopherol, as declared by the manufacturer. Depending on the
reatment, the premix was offered mixed with the soybean supple-
ent or spread over the hay morning meal. The animals had free
ccess to water at all times.
After a 2-week period of adaptation, after which the animals
ere weighed, there was a 4-week period (period 1) of measure-
ents (in vivo digestibility, in sacco incubation, rumen ﬂuid and
rine collections); followed by a rest period of four weeks (Fig. 1)
uring which the animals were kept in pairs in a 2.40 m × 3.20 m
en. At the end of the rest period, the diets were exchanged
Fig. 1. Chronology of proceedings in each period.al of Life Sciences 64– 65 (2013) 77– 85
between groups, and all procedures were repeated (period 2;
Fig. 1).
The in vivo digestibility of the diets was  measured by total
collection of faeces, over a 7-day span in all animals (Fig. 1). Repre-
sentative samples of hay, soybean meal, hay orts and faeces were
taken daily during the digestibility measurements for determining
DM.  The feeds and orts dried material were bulked in the middle
and at the end of the week and stored for later chemical analysis.
The daily collected faeces DM samples were also stored with the
same purpose.
Total collection of urine was done to measure the urinary
allantoin-nitrogen (UAN) excretion. About 100 mL of 10% (v/v)
H2SO4 were added to the urine containers to reach a ﬁnal pH below
3. The daily urine excreted was made up to approximately 4 L with
water, ﬁltered through nylon cloth and sampled (100 mL). Daily
samples were stored at −20 ◦C until analyzed.
The nylon bag technique [9] was  used to determine the rumen
fermentation kinetics of the hay. For this purpose, polyester bags,
with a size of 5 cm × 10 cm and pore size of 50 ± 15  (Ref. 510;
ANKOM, Macedon, NY, USA), were used. For the incubation, the
hay samples were ground through a mill equipped with a 4 mm
screen. Nylon bags containing 2 g of hay were incubated in the
rumen of each sheep for 0, 2, 8, 16, 24, 48, 72, 96, 120 and 144 h.
Each incubation (series 1) was repeated once per sheep (series 2;
Fig. 1).
Immediately after removal from the rumen, the bags were
washed in cold tap water and frozen at −15 ◦C. At the end of each
series of incubations, the bags were thawed and washed together
with the zero time bags (not incubated in the rumen) in a washing
machine for 40 min  at 40 ◦C and then dried at 65 ◦C for 24 h. The
disappearance of DM was measured as the loss in weight from the
bags.
2.2.2. Rumen environment
After the terminus of each incubation series, a sample of rumen
ﬂuid was  collected (45 mL)  through the introduction of a suction
pump in the cannula of each sheep at 2, 4, 6, 9, 12, 15, 19 and 24 h
after the morning meal. The pH of the rumen ﬂuid was immedi-
ately measured using a pH metre (WTW mod. 330i, Nova Analytics,
Massachusetts, USA). Each sample was  divided into three subsam-
ples of approximately 15 mL.  One sample was diluted (1:1) with a
deproteinizing solution (10% metaphosphoric acid and 0.06% of cro-
tonic acid, p/v) for volatile fatty acids (VFA) determination. Another
sample was acidiﬁed with a solution of 0.2 M HCl in a 1:1 ratio for
ammonia nitrogen (NH3-N) determination. These samples were ﬁl-
tered through two  layers of gauze, packed in plastic bottles and
frozen (−30◦ C). The third sample of rumen ﬂuid was  stained and
ﬁxed with a saline solution of methyl green and formalin in a 1:9
ratio [10] and stored in a dark room at ambient temperature for
subsequent differential counts of protozoa (Holotrich vs. Entodin-
iomorph). This count was  performed using a Nageotte counting
chamber (0.5 mm deep). In each sample a minimum of 500 protozoa
was counted.
2.3. In vitro incubations
Samples of faeces, collected daily throughout the digestibil-
ity measurement, were dried, bulked at the end of the week and
ground (1 mm)  to determine the in vitro – neutral detergent ﬁbre
(NDF) digestibility after 24 h of incubation, according to the Tilley
and Terry [11] method, as modiﬁed by Marten and Barnes [12]. The
rumen ﬂuid, used as inoculum, was  collected from two  mature IF
rams (78.1 and 76.6 kg BW)  ﬁtted with a ruminal cannula. These
animals were kept in metabolism crates and were fed at main-
tenance level [13], using the same diet and the same method as
described above for the ewes fed with the soybean supplemented
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period 2 (P < 0.05).
Protein supplementation did not improve the hay intake,
regardless of the way it was  expressed (P > 0.05; Table 3).
Table 1
Mean valuesa of environmental temperature, humidity and temperature-humidity
index (THI).
Item Period 1 Period 2
Maximum temperature (◦C) 33.4 ± 1.22 10.3 ± 0.28
Minimum temperature (◦C) 21.8 ± 0.66 4.3 ± 0.49
Maximum relative humidity (%) 59.9 ± 2.33 83.5 ± 1.04
Minimum relative humidity (%) 42.2 ± 2.33 70.5 ± 1.34A.L. Lourenc¸ o et al. / NJAS - Wageningen
iet. Water was available at all times. Rumen ﬂuid samples were
rawn 2 h after the morning meal into pre-warmed insulated ﬂasks,
reviously ﬁlled with CO2.
.4. Chemical analysis
After collection, samples of feeds, orts and faeces were dried
n a forced-air oven at 65 ◦C for at least 24 h, to determine DM.
ulked samples of feeds and orts per animal were ground to pass a
-mm screen, dried in a forced-air oven at 103 ◦C and analyzed for
sh (AOAC [14]; method 942.05), Kjeldhal N (AOAC [14]; method
54.01) and for ﬁbre components, by a non-sequential procedure,
s described by Van Soest et al. [15]. Neutral detergent ﬁbre was
etermined without adding alpha amylase or sodium sulphite and
as expressed excluding residual ash. Acid detergent ﬁbre (ADF)
as expressed excluding residual ash. Sulphuric acid lignin was
etermined on the ADF residue [16]. Crude protein (CP) was  calcu-
ated as Kjeldhal N × 6.25. Samples of ground faeces (1 mm)  were
nalyzed for ash and NDF.
Allantoin in the urine samples was measured by the manual
ethod described by Chen and Gomes [17]. Its measurement in
rine was performed by spectrophotometry according to the col-
rimetric method described by Young and Conway [18]. Rumen
uid samples were assayed for ammonia nitrogen by an auto-
atic analyzer according to the colorimetric method, described
y Novozamsky et al. [19] and for VFA (acetate, propionate and
utyrate) by gas-liquid chromatography [20]. Pivalic acid was
dded to the samples as an internal standard. The temperatures of
he column, the injector and the detector were, respectively, 135,
10 and 180 ◦C.
.5. Calculations
The temperature humidity index (THI) was calculated using the
quation:
HI = 0.8 × td + RH × (td − 14.4) + 46.4
here td is the dry bulb temperature (◦C), and RH is the relative
umidity expressed as a decimal [21].
To describe the kinetics of hay DM and NDF degradation in
he rumen, the disappearance of these fractions from the nylon
ags was ﬁtted individually to the exponential model proposed by
rskov and McDonald [22]:
 = a + b(1 − e(−ct))
here P is an amount of substrate degraded in the rumen after
ime t; a is an immediately soluble fraction; b is an insoluble but
otentially degradable fraction and c is the constant degradation
ate of fraction b.
The adjustment to this model was achieved using the procedure
LIN of SAS [23]. The adjustment was done using the individual
ata. The parameters obtained were constant adjusted by an iter-
tive process according to the procedure of least squares routines
TATS, NLIN and MODEL of the programme, with the convergence
riterion of minimum value 10−9.
The estimate of effective rumen degradability (ERD) of DM and
DF hay fractions was calculated using the model proposed by
rskov and McDonald [22]:
RD = a + bc
c + kshere a, b, and c is the degradation constants described above and
s is the rate of reticulo-rumen outﬂow rate of the solid phase.
The reticulo-rumen outﬂow rate of the solid fraction, used in
he model, were the ones measured by Lourenc¸ o et al. [8] in eachal of Life Sciences 64– 65 (2013) 77– 85 79
breed at similar conditions (3.3 and 2.0%/h for genotypes CTQ and
IF, respectively; ERDobserved), and using the reticulo-rumen outﬂow
rate value, suggested by AFRC [13] for adult sheep fed at mainte-
nance level (2.0%/h for both breeds; ERDaverage).
2.6. Statistical analysis
The statistical analysis of all data was conducted using the PROC
MIXED procedures of SAS [23]. The breed, the diet, the period and
the interaction breed x diet were considered ﬁxed effects, and
animal within breed and residual error were included as random
variables in all models. The model used to analyze rumen ﬂuid and
microbial counts also included time of collection and its interac-
tions with breed and with diet as ﬁxed effects and time of collection
as repeated measurement.
When the model showed signiﬁcant interactions (P < 0.05), the
signiﬁcance of the differences between treatments means was
determined using least signiﬁcant difference (P < 0.05; Steel and
Torrie [24]).
3. Results
All animals remained healthy throughout the experiment. The
intake and digestibility data of one IF sheep were not used due to
a cannula instability. However, data on the degradation kinetics
and rumen environment were considered, since there was a period
longer than one week between the fall of the cannula and the start
of the data collection.
The mean values of ambient temperature during the experimen-
tal periods are presented in Table 1.
3.1. Chemical composition of the feeds
Chemical compositions of the hay and soybean meal are shown
in Table 2. As it was observed that soybean meal was eaten com-
pletely, it was  assumed that the refusals only consisted of roughage.
The chemical composition of the refusals was  not different between
breeds or diets (P > 0.05; not shown).
3.2. Feed intake and body weight change
As expected, due to its higher mature weight, the diet and hay
absolute organic matter (OM) intake was  higher in the IF than in the
CTQ breed (Table 3). However, the CTQ breed exhibited a higher OM
intake per kg BW (P < 0.05), and there were no differences between
the breeds in DM intake per kg metabolic BW (P > 0.05). The period
affected the OM intake, with higher intakes being observed duringMaximum THI 83.9 ± 1.56 51.2 ± 0.45
Minimum THI 66.7 ± 0.73 42.8 ± 0.70
a Mean and standard error of 28 days (2-week initial adaptation period was not
included).
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Table  2
Chemical composition (g/kg dry matter) of the feeds.
Feed Chemical compositiona
OM NDF ADF Lignin CP
Hay 936.6 ± 1.40 661.4 ± 8.09 409.7 ± 5.41 55.1 ± 1.62 62.0 ± 2.17
Soyabean meal 928.5 ± 0.76 157.9 ± 4.72 102.5 ± 3.02 9.64 ± 3.82 452.7 ± 2.79
a OM,  organic matter; NDF, neutral detergent ﬁbre; ADF, acid detergent ﬁbre; CP, crude protein.
Table 3
Effects of breed (B), protein supplementation (D) and period (P) on organic matter intake (OMI).
Itema Period SEMb Breed × dietc SEMb P-valued
P1 P2 CTQ IF B D P B × D
H HS H HS
n 7 7 4 4 3 3
Diet  OMI
g/day 988 1295 65.0 841 1074 1274 1378 91.7 * * *** NS
g/kg  BW/day 18.7 24.8 1.22 21.9 27.3 17.9 19.9 1.73 * †  * NS
g/kg0.75 BW/day 49.9 66.0 3.01 54.4 68.2 52.0 57.3 4.25 NS †  * NS
Hay  OMI
g/day 927 1201 57.6 841 934 1279 1203 81.2 * NS ** NS
g/kg  BW/day 17.4 23.1 1.11 21.9 23.7 18.0 17.4 1.28 * NS * NS
g/kg0.75 BW/day 46.6 61.4 2.69 54.4 59.3 52.2 50.1 3.79 NS NS * NS
a BW,  body weight.
.
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Eb SEM, standard error of the mean.
c CTQ, Churra-da-Terra-Quente; IF, Ile-de-France; H, hay; HS, hay + soybean meal
d NS, P > 0.10; †,  P < 0.10; *, P < 0.05; **, P < 0.01; ***, P < 0.001.
.3. Diet in vivo digestibility and faeces in vitro incubation
The CTQ breed showed a lower diet OM (P < 0.10) and NDF
P < 0.05) apparent digestibility and also a lower hay OM (P < 0.05)
pparent digestibility than the IF breed (Table 4).
Protein supplementation (Table 4) did not increase the hay OM
igestibility (P > 0.10) nor the NDF digestibility of the total diet
P > 0.05).
The diet and hay OM apparent digestibility during period 2
Table 4) was lower than during period 1 (P < 0.05).
The diet and period did not affect the NDF in vitro digestibility
f the faeces (P > 0.05), but CTQ faeces showed a higher digestible
ontent (P < 0.05) than the IF ones.
.4. Diet digestible organic matter intake and urinary excretion
Although the daily digestible OM intake was lower in CTQ
P < 0.05) it was higher when expressed per kg BW (P < 0.10) than in
he IF breed (Table 5). The diet supplementation and period 2 also
llowed a higher diet digestible OM intake (P < 0.05).
The UAN excretion (Table 5) was only higher in the IF breed
hen expressed in absolute values (mg/day; P < 0.05) and it was
ot affected by diet supplementation (P > 0.05). This variable was
able 4
ffects of breed (B), protein supplementation (D) and period (P) diet in vivo and faeces in 
Itema Period SEMb Breed × dietc
P1 P2 CTQ 
H HS 
n 7 7 4 4 
Diet  OMD  0.58 0.56 0.007 0.53 0.58 
Diet  NDFD 0.51 0.52 0.013 0.48 0.49 
Hay  OMD  0.56 0.54 0.008 0.53 0.53 
Faeces  NDFD 0.15 0.15 0.011 0.18 0.18 
a OMD, organic matter apparent digestibility; NDFD, neutral detergent ﬁbre digestibili
b SEM, standard error of the mean.
c CTQ, Churra-da-Terra-Quente; IF, Ile-de-France; H, hay; HS, hay + soybean meal.
d NS, P > 0.10; †,  P < 0.10; *, P < 0.05; **, P < 0.01; ***, P < 0.001.higher (P < 0.05) during period 2, when expressed per day, per kg
BW/day and per kg metabolic BW/day, but it was not different
between periods when expressed per kg digestible OM intake/day
(P > 0.05).
3.5. Rumen in sacco degradation
The rumen degradation kinetics of the hay (fractions a, b and
u and rate c) were not affected by breed (P > 0.05; Table 6).
Thus, the ERD was not different (P > 0.05) between the breeds
when the same reticulo-rumen outﬂow rate was applied to esti-
mate its value for both breeds. Although, when the characteristic
reticulo-rumen outﬂow rate of each breed was used (3.3%/h for
CTQ and 2%/h IF; Lourenc¸ o et al. [8]), differences in ERD were
shown (P < 0.05), with the IF breed showing a more extensive
degradation of hay DM (P < 0.001) and NDF (P < 0.05) than the CTQ
breed.
The in sacco degradation fractions a, b and u (Table 6) were not
affected by the diet supplementation (P > 0.05), but there was a
tendency for a higher degradation rate of hay NDF (P < 0.1). Nev-
ertheless, this tendency was  not enough to display differences in
ERD (P > 0.05), irrespective of the reticulo-rumen outﬂow rate used
to calculate it.
vitro digestibility (%).
SEMb P-valued
IF B D P B × D
H HS
3 3
0.57 0.61 0.010 †  *** * NS
0.53 0.55 0.018 * NS NS NS
0.57 0.57 0.005 * NS * NS
0.12 0.12 0.016 * NS NS NS
ty.
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Table  5
Effects of breed (B), protein supplementation (D) and period (P) on digestible organic matter intake (DOMI) and urinary allantoin-N (AN) excretion.
Itema Period SEMb Breed × dietc SEMb P-valued
P1 P2 CTQ IF B D P B × D
H HS H HS
Diet DOMI
g/day 579 733 39.7 447 618 841 718 56.0 * * * ns
g/kg  BW/day 10.9 13.8 0.75 11.6 15.7 10.1 12.1 1.05 †  * * ns
g/kg0.75 BW/day 29.2 37.0 1.87 28.9 39.3 29.4 34.8 2.38 ns * * ns
AN  excretion
mg/day 463 643 37.9 409 463 619 721 53.4 * ns * ns
mg/kg  BW/day 8.6 12.3 0.86 10.9 11.9 8.7 10.4 1.21 ns ns * ns
mg/kg0.75 BW/day 23.1 32.7 2.04 26.9 29.6 25.2 30.0 2.88 ns ns * ns
mg/kg  DOMI/day 795 897 52.6 915 764 856 850 74.2 ns ns ns ns
a BW,  body weight.
b SEM, standard error of the mean.
c CTQ, Churra-da-Terra-Quente; IF, Ile-de-France; H, hay; HS, hay + soybean meal.
d NS, P > 0.10; †,  P < 0.10; *, P < 0.05; **, P < 0.01; ***, P < 0.001.
Table 6
Effects of breed (B), protein supplementation (D) and period (P) on degradation characteristics of hay in the rumen.
Itema Period SEMb Breed × dietc SEMb P-valued
P1 P2 CTQ IF B D P B × D
H HS H HS
n 8 8 4 4 4 4
Hay  DM
a (%) 20.9 18.9 0.23 20.0 20.0 19.7 19.7 0.32 NS NS *** NS
b  (%) 49.6 50.9 0.40 50.9 50.4 49.4 50.2 0.56 NS NS * NS
u  (%) 29.6 30.2 0.37 29.0 29.6 30.8 30.1 0.53 NS NS NS NS
c  (%/h) 3.9 4.0 0.20 3.8 4.2 4.0 4.0 0.28 NS NS NS NS
ERDaverage (%) 53.4 53.0 0.62 53.1 54.1 52.4 53.2 0.87 NS NS NS NS
ERD  (%) 50.4 49.9 0.63 47.0 48.2 52.4 53.2 0.89 ** NS NS NS
Hay  NDF
a (%) 6.6 5.5 0.25 5.9 5.9 6.4 6.0 0.36 NS NS * NS
b  (%) 61.3 63.3 0.68 63.9 61.9 61.4 62.0 0.96 NS NS * NS
u  (%) 32.1 31.2 0.65 30.2 32.2 32.1 32.0 0.92 NS NS NS NS
c  (%/h) 3.0 3.3 0.15 2.9 3.5 3.0 3.2 0.21 NS †  NS NS
ERDaverage (%) 43.2 44.6 0.68 43.6 45.2 43.0 43.8 0.96 NS NS NS NS
ERD  (%) 39.3 40.7 0.67 35.7 37.6 43.0 43.8 0.94 *** NS NS NS
a DM,  dry matter; NDF, neutral detergent ﬁbre; a, immediately soluble fraction; b, insoluble but potentially degradable fraction; u, undegradable fraction; c, constant
degradation rate of fraction b; ERDaverage, effective rumen degradability calculated with the same rumen outﬂow rate for both breeds; ERD, effective rumen degradability
calculated with the rumen outﬂow rate observed in with breed.
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ob SEM, standard error of the mean.
c CTQ, Churra-da-Terra-Quente; IF, Ile-de-France; H, hay; HS, hay + soybean meal
d NS, P > 0.10; †,  P < 0.10; *, P < 0.05; **, P < 0.01; ***, P < 0.001.
There was no breed x diet interaction effect on the degradation
haracteristics of the hay in the rumen (P > 0.05; Table 6).
Although numerically not very important, the soluble fraction
a) was lower (P < 0.05) and the insoluble but potentially fermented
raction (b) was higher (P < 0.05) during period 2 (Table 6). None of
he other kinetic variables, or the ERD were affected by the exper-
ment period (P > 0.05).
.6. Rumen environment
All determined rumen ﬂuid characteristics (Table 7) were
ffected by the collection hour (P > 0.05). The pH and NH3-N vari-
tion over time are shown in Fig. 2. The pH showed a short
ariation range, with a maximum (6.88) just before the morning
eal (8:00 h) and a minimum (6.35) 4 h after the evening meal
20:00 h). The NH3-N levels rose after each meal and decreased
fter.The VFA variation over time is shown in Fig. 3. This varia-
ion resulted in an acetate:propionate ratio, with minimums of
.5–3.6:1 after the meals, and a maximum, before the morning meal
f 4.2:1.The number of protozoa was  higher in period 2 (P < 0.001) and
varied over time (Fig. 4) but was not affected (P < 0.05) by breed
(Table 7).
Although none of the measured rumen ﬂuid characteristics
were affected by breed (P > 0.05), there was  a breed × diet inter-
action for acetate (P < 0.001) and butyrate concentration, and for
the acetate:propionate ratio (P < 0.05; Table 7).
Although diet and period had a signiﬁcant effect on pH (P < 0.05),
the small difference among values makes it biologically meaning-
less (Table 7). Soybean meal supplementing increased the NH3-N
(P < 0.001) and the VFA (P < 0.001) concentration in the rumen ﬂuid,
and it also increased the total number of protozoa (P < 0.001), but
had no effect (P > 0.05) on the entodiniomorphs:holotrichs ratio
(Table 7).
4. Discussion4.1. Intake and digestibility
The change-over experimental design was chosen in order to
diminish the individual animal effects and to overcome the small
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Table  7
Effects of breed (B), protein supplementation (D) and period (P) on rumen ﬂuid characteristics.
Item a Period SEMb Breed × dietc SEMb P-value d
P1 P2 CTQ IF H B D P B × D
H HS H HS
n 8 8 4 4 4 4
pH  6.6 6.6 0.03 6.7 6.6 6.6 6.5 0.05 *** NS *** * NS
NH3-N  (mg/L) 72 128 12.4 59 137 67 137 17.5 * NS *** *** NS
Total  VFA (mmol/L) 54.8 72.5 2.10 57.3 66.2 61.6 69.6 3.01 *** NS *** *** NS
Ac  (%) 70.7 73.2 0.21 72.4y 70.7x 72.3y 72.4y 0.29 *** NS *** *** ***
Pr  (%) 19.7 19.0 0.18 19.8 19.7 19.2 18.7 0.26 *** NS * *** NS
Butyrate (%) 9.6 7.8 0.23 7.9x 9.6y 8.5a 8.9y 0.33 *** NS *** *** ***
Ac/Pr  3.6 3.9 0.04 3.7x,y 3.6x 3.8y 3.9z 0.06 *** NS NS *** *
Protozoa
Total  (×104/mL) 9.7 10.9 0.72 9.3 11.1 9.7 11.0 1.01 *** NS *** *** NS
Entodiniomorphs (%) 93 94 0.6 95 93 93 93 0.79 NS NS NS *** NS
x,y,z Within a row, means with different letters differ (P < 0.10).
a n, number of observation; VFA, volatile fatty acids; AC, Acetate; Pr, Propionate.
b SEM, standard error of the mean.
c CTQ, Churra-da-Terra-Quente; IF, Ile-de-France; H, hay; HS, hay + soybean meal.
d NS, P > 0.10; †,  P < 0.10; *, P < 0.05; **, P < 0.01; ***, P < 0.001.
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t
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lFig. 2. Mean values (mean ± standard error of the m
umber of available cannulated animals. This design had the risk
f a period effect on the measured variables, which was  in fact
bserved for some of the variables. This effect might be due to
he separated, or combined effects of some factors, namely the
HI effect, since it was lower in period 2. This difference in THI
ight explain the differences observed between periods on intake
evel and variables related to it, being digestibility and rumen ﬂuid
Fig. 3. Mean values (mean ± standard error of the mean) concentration (%) of pH and ammonia nitrogen (NH3-N) in rumen ﬂuid.
characteristics. The short time length of measurement of some vari-
ables (e.g. intake) and the small number of animals per treatment
in each period may  have exacerbated the period effect, since the
randomness in the selection of experimental units could not, by
itself, guarantee equal conditions between treatment groups.
Although these limitations exist, the inclusion of the period,
as a main effect, on the statistical analysis and the fact that all
f volatile fatty acids (VFA) and acetate/propionate ratio in rumen ﬂuid.
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nimals have been used in the two periods, allow the isolation of
he undesirable effects, resulting from the data collection period.
dditionally, the intake and digestibility measures observed
erein, are similar to the ones observed by Lourenc¸ o et al. [8]
n a more prolonged experiment and using similar treatment
onditions. Despite the short time interval during which intake
elated data were collected (1 week), the results can be considered
s representative of those variables. Moreover, the comparison
etween the digestibility coefﬁcients between breeds is legitimate
y the fact that there were no differences (P > 0.05) in the chem-
cal composition of the refusals (not shown) and therefore the
omposition of the food ingested was similar.
As previously noted by Lourenc¸ o et al. [7,8] the CTQ breed
xpressed a higher intake capacity per kg of BW and a lower total
ract digestive capacity of ﬁbrous feeds than the IF breed. The lower
pparent digestibility of CTQ resulted, as expected, in the excretion
f more digestible faeces by this breed. The total tract digestibility
f ﬁbrous feeds in ruminants is highly correlated with the rumen
egradability. Thus, differences were expected on rumen ﬂuid char-
cteristics and/or on rumen degradations kinetics between the CTQ
nd IF breeds. However, these expectations were not conﬁrmed in
his experiment.
There is evidence in the literature that across ruminant species
he reticulo-rumen capacity is in general a linear function of
W [25]. A large ruminant has a large rumen and a lower
umen turnover rate than a small ruminant. Thus the food stays
onger in its rumen and is therefore digested more efﬁciently
26,27].
Therefore a ruminant, like the CTQ breed with a lower digestibil-
ty and a higher outﬂow rate than the IF breed, is expected to have a
maller rumen capacity. Although, the higher intake per kg of BW of
he CTQ breed seems to contradict this expectation. In fact, Gomes
28] found a greater reticulo-rumen content per kg of empty body
eight in CTQ than in IF breed, when fed a high ﬁbre diet. Frutos
t al. [29] also observed a higher reticulo-rumen mass per unit of
ody weight in the Churra than in the Merino breed.
These results, although in agreement with the observed higher
ntake per kg of BW of the CTQ breed collide with the fact that the
igher intake capacity, that results from a higher reticulo-rumen
hysical capacity, should result in a lower outﬂow rate. Lourenc¸ o
t al. [8] found that the CTQ breed has a higher outﬂow rate than
he IF breed.
However, as mentioned by Poppi et al. [30], the higher outﬂow
ate can co-exist with a greater reticulo-rumen capacity, if there is
n increased rumen wall activity and/or a more efﬁcient reduction
f particle size by mastication and/or rumination. These charac-
eristics could explain the results obtained in the CTQ breed and
hould be investigated.n) concentration of protozoa in the rumen ﬂuid.
4.2. Rumen ﬂuid composition and degradation kinetics
The identiﬁcation of differences in rumen environment char-
acteristics and related variables between ruminant genotypes
has been previously observed and is documented in literature
[5,6,31–35]. In general, when rumen degradability differences are
detected with low quality ﬁbrous feeds, the more rustic breeds are
shown to be superior to the more improved breeds. This was shown
among subspecies of cattle (Bos indicus vs. Bos taurus;  Hunter and
Siebert [31]), but also among sheep genotypes (Churra vs. Merino
[5,6,32]; Texel vs. IF × Finnish Landrace [33]; Seguren˜a vs. Merino
[34]; Merino vs. Dorper [35]).
Hunter and Siebert [31] observed higher degradation capacity
in Bos indicus (Brahman) than in Bos taurus (Hereford) when fed ad
libitum with low quality hay (<49 g CP/kg DM). This higher degra-
dation capacity was  found associated with a higher concentration
of ammonia in the rumen of Bos indicus (40 vs. 16 mg/L [36]), sug-
gesting that the effect of genotype on the rate of rumen digestion
of low nitrogen and low nutritive forage may depend on innate
characteristics.
The possibility that CTQ and IF breeds exhibit innate differences
at endogenous recycling of nitrogen, seems ruled out by the absence
of differences on rumen NH3-N concentration when the breeds are
fed non supplemented diets. This evidence is reinforced by the lack
of effect of breed and breed x diet interaction on the amount and
efﬁciency of microbial protein synthesis estimated by the allantoin
urinary excretion (Table 5) and on DM and NDF hay degradation
rates (Table 6). However, it should be considered that the NH3-N
concentration in rumen ﬂuid, provided in the present study by the
hay without supplementation, was  ca 60 mg/L, i.e. close to the value
that annul the differences between the cattle genotypes compared
by Hunter and Siebert [31]. Thus, the protein content of the hay
(62 g/kg DM)  may  have prevented the display of a higher rumen
NH3-N concentration by one of the breeds.
Manso et al. [34] did not observe any signiﬁcant differences,
between Merino and Seguren˜a sheep breeds, on soluble fraction,
nor on in situ rate of degradation (DM, OM and NDF) of leaves
and stems of shrubs in animals fed alfalfa at maintenance level.
However, Seguren˜a sheep showed a higher potential (a + b) and
effective degradability (considering the same passage rate) than
Merino sheep. These results were explained by the authors,
through possible differences between genotypes in digestive
tract, or reticulo-rumen development and/or in microbial ﬂora,
being more favourable to digest structural carbohydrates by the
Seguren˜a breed.
In contrast to the comparison of these two  genotypes, CTQ and
IF breeds showed no differences in fermentation kinetics, which,
in addition to the lack of differences in rumen ﬂuid characteristics
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nd in the protozoal population, suggests no major differences in
he rumen microbial ﬂora of these two breeds.
Ranilla et al. [6] did not observe differences between Churra and
erino genotypes fed an alfalfa diet at maintenance level (1 kg/day)
n in situ DM and NDF rate of degradation of three shrubs and
n potentially fermentable (a + b) DM and NDF fractions of three
orages and four shrubs. However, in all ﬁbrous foods studied, a
igher ERD for the Churra genotype was observed, which was only
ot signiﬁcant for the alfalfa hay and for the DM fraction of one
hrub.
In agreement with the results by Ranilla et al. [6], Lopez et al.
5] did not observe differences in the potential degradability (a + b)
f the DM fraction of forages between Churra and Merino geno-
ypes, but showed signiﬁcantly higher rates of degradation in
hurra, increasing signiﬁcantly the effective degradability. The
uthors suggested that the higher degradability observed in the
hurra genotype was attributed to its ability to maintain more
avourable environmental conditions for the rumen fermenta-
ion, namely the pH, which could explain the higher rate of
egradation.
The higher rumen pH in Merino than in Dorper sheep was  also
sed by de Waal [35] to partly explain the higher 24 h DM degra-
ation of pasture in the Merino genotype. In the present study,
lthough statistically pH differences between CTQ and IF breeds
ere observed, their magnitude and the fact that the average was
bove 6.35, not impairing the digestion of structural components
37], makes the difference biologically irrelevant.
Our ERD results differ from those obtained by and Ranilla et al.
6] and Lopez et al. [5], since we observed a lower ERD on the Churra
CTQ) than on the IF genotype. The higher ERD of Churra, when
ompared to the Merino genotype in those studies, resulted from
 higher degradation rate, since the reticulo-rumen outﬂow rate of
he solid phase did not differ between genotypes (0.042 vs. 0.044,
hurra vs. Merino, respectively [38]). In our study, the lower ERD of
TQ, compared to IF, results from the higher reticulo-rumen out-
ow rate by this breed [8], since no differences were found in rumen
egradation kinetics between the two breeds.
Ranilla et al. [32] also compared Churra and Merino geno-
ypes in grazing conditions in three distinct periods (June, July and
ctober) with an increase of the pasture nutritive value, but the
esults were contradictory. These authors evaluated the Churra and
erino rumen fermentation kinetics of ryegrass hay and of samples
f food grazed by each genotype collected through oesophageal
annulas. The results showed a higher potential degradability of
M and NDF fractions of the ryegrass hay in the Churra than in
he Merino sheep. However Merino showed a higher DM degra-
ation rate, but the ERD was not different between genotypes.
he incubation of the oesophageal grass samples, when the nutri-
ive value of the pasture was higher (October), showed higher
M and NDF potentially and effectively degradable fractions in
hurra genotype. However, Ranilla et al. [32] found no differences
n degradation kinetics between genotypes when the nutritive
alue of the pasture was intermediate (July). In June the result was
eversed compared to October with the Merino genotype showing
 higher DM and NDF potential degradability, and a higher effec-
ive degradability of DM.  The authors point differential selective
ngestion of food as a possible justiﬁcation for the contradicting
esults between June and October, but if it happened it would be
n the botanical structure of the plants since the chemical com-
osition of the oesophageal estruses was identical between the
enotypes.
These studies show that the results of different studies compar-
ng different genotypes should be done carefully, not only because
here are differences between the genotypes compared in each
tudy, but also the feed ingested and the characteristics of the food
ncubated are relevant for the genotype comparison.al of Life Sciences 64– 65 (2013) 77– 85
In the present study the offered hay was  exactly the same for
both breeds, with the same chemical composition, and with limited
refusals (20% of the hay offered). So, it is unlikely that differences
occurred because of differences in the composition of the ingested
hay.
4.3. Protozoal population
The rumen fauna is not essential to the rumen functioning and
its main component (ciliated protozoa) consist of two subgroups
– entodiniomophs and holotrichs – with different anatomical and
physiological characteristics [39]. Thus, it is suspected that this
population may  represent a considerable adaptive plasticity.
The concentration of protozoa and ratio between entodin-
iomophs:holotrichs in the rumen ﬂuid of CTQ and IF were similar
to those observed by Ranilla et al. [6] in sheep fed one kg of alfalfa
per day (104/mL  and 93–98% entodiniomophs, respectively).
Mahouachi et al. [40] observed less rumen ﬂuid protozoa
(103/mL) in sheep with oat silage diets supplemented with soybean.
However, the authors also refer to the predominance of entodin-
iomophs on a small population of holotrich. Hsu et al. [41] also
found concentrations of entodiniomophs of 98% (in total protozoa
population) in sheep fed forage and concentrate, in a 65:35 ratio on
the DM,  respectively.
Ranilla et al. [6] did not ﬁnd differences between genotypes
(Churra vs. Merino), in protozoa concentration in rumen ﬂuid, or
in entodiniomophs:holotrichs ratio. Which is in accordance with
our study were no differences were detected between CTQ and IF
breeds, dismissing the possibility that this may  constitute a distinct
adaptation feature of these two  breeds.
The highest concentration of protozoa in the rumen ﬂuid of the
soybean supplemented animals was in agreement with the results
obtained by Mahouachi et al. [40] in sheep fed wheat straw, or
oat silage supplemented with that same protein source, which is
consistent with the assumption that diets with higher digestibility,
which provide readily available nitrogen and energy sources, tend
to increase the ciliates population.
5. Conclusion
The current study did not show any difference between the IF
and CTQ breeds in DM and NDF degradation kinetics of natural
meadow hay, regardless of protein supplementation. These results
are consistent with the absence of differences between these two
breeds in rumen fermentation characteristics, in particularly: the
pH and the NH3-N. Thus, the only underlying source for the greater
intake per kg BW and less apparent digestibility of CTQ, compared
to the IF breed, is its higher reticulo-rumen outﬂow rate.
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